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WIRELESS COMMUNICATION SYSTEM, 
BASE STATION, AND MOBILE STATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation application of Interna 
tional Application PCT/JP2011/072677, filed on Sep. 30, 
2011, and designating the U.S., the entire contents of which 
are incorporated herein by reference. 

FIELD 

The present invention relates to a wireless communication 
system, a base station, a mobile station, and a wireless com 
munication method. 

BACKGROUND 

Conventionally, for Long Term Evolution (LTE) and LTE 
Advanced as a next-generation mobile communication sys 
tem, a heterogeneous network has been studied aiming at 
enlarging system capacity and coverage. The heterogeneous 
network is a network in which a macrocell and a cell consti 
tuted by a base station with low transmission power (herein 
after referred to as a “picocell') are arranged in a coexisting 
manner. In Such a network, when the macrocell and the pico 
cell are operated at the same frequency, interference from the 
macrocell to a picocell becomes a problem. In other words, in 
a mobile station (hereinafter referred to as a “pico base sta 
tion”) connected to a base station of the picocell (hereinafter 
referred to as a “pico mobile station'), a signal from the pico 
base station is interfered with by a signal from a base station 
of the macrocell (hereinafter referred to as a “macro base 
station'). 
The above-described inter-cell interference influences the 

communication quality in physical channels (a control chan 
nel and a shared channel). In particular, in a system in which 
Subframe transmission timing is synchronized between cells, 
the inter-cell interference may occur between the control 
channels and between the shared channels. As a technology 
that reduces the inter-cell interference, an inter-cell coordi 
nation control technology can be adopted. Examples of the 
inter-cell coordination control technologies can include a 
technology called Coordinated Multiple Point (CoMP), 
which is under study in LTE-Advanced (Release-11), and 
another technology called Inter-Cell Interference Coordina 
tion (ICIC) in LTE (Release-8). In the inter-cell coordination 
control technologies such as CoMP and ICIC, a plurality of 
base stations are coordinated to transmit a data signal using 
the shared channel to a mobile station. 

In recent LTE, there is concern about a shortage of the 
capacity of the control channel when communications are 
performed simultaneously among many users. As a technol 
ogy for Solving the capacity shortage of the control channel, 
a technology is under study that enhances the control channel 
to a shared channel region or the like. This technology fre 
quency-multiplexes a Physical Downlink Control Channel 
(PDCCH) as one of the control channels to resources of a 
Physical Downlink Shared Channel (PDSCH) as a shared 
channel, thereby enhancing the PDCCH. The enhanced 
PDCCH is called Enhanced-PDCCH (E-PDCCH) 
Non Patent Literature 1: 3GPP TS 36.211 V10.2.0 (2011 

06) 
Non Patent Literature 2: 3GPP TS 36.212 V10.2.0 (2011 
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2 
Non Patent Literature 3: 3GPP TS 36.213 V10.2.0 (2011 

06) 
Non Patent Literature 4: 3GPP TR 36.814 V9.0.0 (2010 

03) 
Non Patent Literature 5: 3GPP R1-11 1636 (2011-05) 
The conventional technology does not consider reducing 

the inter-cell interference of the control channel enhanced to 
the shared channel region or the like. 

For example, in the E-PDCCH, which is the control chan 
nel enhanced to the shared channel region or the like, intercell 
coordination control such as CoMP and ICIC is considered to 
be adopted as is the case with the PDSCH as the shared 
channel. However, it is difficult for the E-PDCCH that is 
currently under study to adopt the inter-cell coordination 
control such as CoMP and ICIC, because of being arranged in 
a scattered manner across the entire bandwidth allocated. As 
a result, control signals using the E-PDCCH may interfere 
with each other between cells. 

SUMMARY 

A wireless communication system performs inter-cell 
coordination control that coordinates a base station of a first 
cell and a base station of a second cell with each other and that 
transmits a signal to a mobile station of the first cell. The base 
station of the first cell includes a first controller that inter 
leaves resources of a control channel of the first cell enhanced 
to a predetermined region of the first cell corresponding to a 
predetermined resource unit based on a common identifier 
that is an identifier common to the base station of the first cell 
and the base station of the second cell; and a first communi 
cation unit that transmits a control signal to the mobile station 
of the first cell using a first resource of the control channel of 
the first cell that corresponds to at least a part of the prede 
termined resource unit and is to be decoded by the mobile 
station of the first cell. The base station of the second cell 
includes a second controller that interleaves resources of a 
control channel of the second cell enhanced to a predeter 
mined region of the second cell corresponding to the prede 
termined resource unit based on the common identifier; and a 
second communication unit that transmits a control signal to 
the mobile station of the first cell using a second resource of 
the control channel of the second cell that corresponds to at 
least a part of the predetermined resource unit and is to be 
decoded by the mobile station of the first cell. The mobile 
station of the first cell includes a third communication unit 
that receives the control signal transmitted from the base 
station of the first cell using the first resource and receives the 
control signal transmitted from the base station of the second 
cell using the second resource. 
The object and advantages of the invention will be realized 

and attained by means of the elements, and combinations 
particularly pointed out in the claims. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the invention. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram illustrating an example of a heteroge 
neous network. 

FIG. 2 is a diagram used for describing a mapping method 
for physical channels. 

FIG. 3 is a diagram used for describing a mapping method 
for a PDCCH. 

FIG. 4 is a diagram used for describing a search space of the 
PDCCH. 
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FIG.5 is a diagram illustrating an example of an E-PDCCH 
by an FDM approach. 

FIG. 6 is a diagram used for describing a wireless commu 
nication method in a wireless communication system accord 
ing to a first embodiment. 

FIG. 7 is a diagram illustrating an arrangement example 
(Part 1) of an E-Control region in the first embodiment. 

FIG. 8 is a diagram illustrating an arrangement example 
(Part 2) of the E-Control region in the first embodiment. 

FIG. 9 is a diagram illustrating the configuration of the 
wireless communication system according to the first 
embodiment. 

FIG. 10 is a diagram illustrating the configuration of a 
mobile station according to the first embodiment. 

FIG. 11 is a diagram illustrating the operation of the wire 
less communication system according to the first embodi 
ment. 

FIG. 12 is a diagram illustrating an example of an E-SS 
Type 1 in the first embodiment. 

FIG. 13 is a diagram illustrating an example of an E-SS 
Type2 in the first embodiment. 

FIG. 14 is a diagram used for describing a userscheduling 
algorithm of a pico base station and a macro base station 
according to the first embodiment. 

FIG. 15 is a diagram used for describing a wireless com 
munication method in a wireless communication system 
according to a second embodiment. 

FIG. 16 is a diagram illustrating the configuration of the 
wireless communication system according to the second 
embodiment. 

FIG. 17 is a diagram illustrating the operation of the wire 
less communication system according to the second embodi 
ment. 

FIG. 18 is a diagram used for describing a userscheduling 
algorithm of a pico base station and a macro base station 
according to the second embodiment. 

FIG. 19 is a diagram used for describing another configu 
ration example of an E-Control region Type1. 

DESCRIPTION OF EMBODIMENTS 

Described below in detail with reference to the accompa 
nying drawings are embodiments of a wireless communica 
tion system, a base, station, a mobile station, and a wireless 
communication method disclosed by the present application. 
This invention is not limited to the embodiments. 

Described first with reference to FIG. 1 to FIG. 5 is a 
technology as a basis of the wireless communication system 
disclosed by the present application. FIG. 1 is a diagram 
illustrating an example of a heterogeneous network. The het 
erogeneous network illustrated in FIG. 1 is a network in 
which a micro cell and picocells are arranged in a coexisting 
manner, in which a macro base station and pico base stations 
are connected through wired interfaces Such as optical fibers. 
In Such a heterogeneous network, when the macrocell and the 
picocells are operated at the same frequency, for example, in 
a mobile station connected to a pico base station, a downlink 
desired signal SG1 from the pico base station is influenced by 
a large interference signal SG2 from the macro base station. 
As a result, the communication quality of the physical chan 
nels (the control channel and the shared channel) may 
degrade. 

Before describing the influence of this inter-cell interfer 
ence on the physical channels, described with reference to 
FIG. 2 are the structure of the physical channels and a method 
for mapping to time and frequency resources. FIG. 2 is a 
diagram used for describing a mapping method for the physi 
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4 
cal channels. As illustrated in FIG. 2, in the time domain, a 
subframe with a length of 1 ms is made up of 14 Orthogonal 
Frequency Division Multiplexing (OFDM) symbols, and a 
control channel is mapped to the front n (=1 to 3) OFDM 
symbols. Examples of the control channel include a Physical 
Control Format Indicator Channel (PCFICH), a Physical 
Hybrid ARQ Indicator Channel (PHICH), and a Physical 
Downlink Control Channel (PDCCH). 
The value of n is defined as control information called a 

Control Format Indicator (CFI). Physical Downlink Shared 
Channels (PDSCH) for use in the transmission of user data 
and the like are mapped to the remaining OFDM symbols. In 
the frequency domain, a resource block (RB) as a frequency 
resource allocation unit is made up of 12 Subcarriers, and the 
shared channel for each user is frequency-multiplexed in an 
REunit. Cell-specific reference signals (RSs) for use in chan 
nel estimation and the like are sparsely mapped in the time 
and frequency domains. As the minimum unit of the time and 
frequency resource, a resource element (RE) is defined that is 
an area surrounded by one OFDM symbol and one subcarrier. 
As a mapping unit of the control channel, a resource element 
group (REG) is defined that is made up of four consecutive 
REs in the frequency domain except the RSs. 

Described next in detail is particularly a mapping method 
for the control channel of the above-described physical chan 
nels. The PCFICH is a physical channel for use in the trans 
mission of the CFI. Four REGs for the PCFICH are mapped 
in a scattered manner at Substantially equal intervals within a 
system bandwidth with a Subcarrier position depending on a 
cell identity (ID) as a starting point in the first OFDM symbol 
in the subframe. 
The PHICH is a physical channel for use in the transmis 

sion of ACK/NACK information on an uplink shared channel. 
Depending on a parameter Ng reported from a higher layer, 
the number of PHICH groups is determined, and three REGs 
are used for each of the PHICH groups. The three REGs are 
mapped in a scattered manner at Substantially equal intervals 
in the system bandwidth with a Subcarrier position depending 
on the cell ID as a starting point among REGs to which the 
PCFICH is not mapped. 
The PDCCH is a physical channel for use in the transmis 

sion of broadcast information and scheduling information on 
user data. FIG. 3 is a diagram used for describing a mapping 
method for the PDCCH. A Control Channel Element (CCE) is 
defined as a resource unit used by each PDCCH. The CCE 
corresponds to nine REGs (36 REs). An aggregation level 
(hereinafter denoted as an AL) is a parameter correspond 
ing to the number of CCEs used by the PDCCH, that is, a 
spreading factor. The AL is set to be any of {1, 2, 4, 8 by a 
base station in accordance with the state of a wireless channel 
or the like. As is described below in detail, each PDCCH is 
multiplexed with an appropriate offset added and is modu 
lated by Quadrature Phase Shift Keying (QPSK). Each 
PDCCH is interleaved in units of four modulation symbols 
and is then mapped to an REG to which neither the PCFICH 
nor the PHICH is mapped. 

In the interleaving processing, the base station first block 
interleaves the QPSK-modulated PDCCH in units of four 
modulation symbols and performs cyclic shift based on the 
cell ID in units of four modulation symbols. Specifically, a 
signal after being block-interleaved is represented by For 
mula 1 below. 

we(0),..., we (M-1) 

where, 

p: Antenna No. 
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Mo: Total number of units of four modulation sym 
bols (1) 

A signal after the cyclic shift is represented by Formula 2 
below. 

we(0),..., we (M-1) 

Ne: Cell ID (2) 

With reference to Formula 1 and Formula 2, a mechanism 
is understood that when the condition of the number of modu 
lation symbols or the cell ID differs, the rule of sorting in the 
interleaving processing also differs. 

Because the multiplexed position of the PDCCH is not 
reported to the mobile station from the base station, in decod 
ing PDCCH, the mobile station searches for potential candi 
dates for the multiplexed position and attempts to decode 
each reception signal. In order to limit the number or times of 
decode to Such an extent as being capable of processing at the 
mobile station, a concept of a search space (hereinafter 
referred to as an “SS) has been introduced. As a result, the 
base station multiplexes the PDCCH at an arbitrary position 
within the limited search space, and the mobile station needs 
to search only the search space to attempt decoding. 

FIG. 4 is a diagram used for describing a search space of the 
PDCCH. FIG. 4 illustrates an example of search spaces in a 
certain subframe when there are 33 available CCEs. A com 
mon search space provided for a PDCCH that transmits the 
scheduling information of broadcast information is always 
fixed to the first 16 CCEs. A user equipment (UE)-specific 
search space provided for a PDCCH that transmits the sched 
uling information of the user data has a different front posi 
tion by mobile station, AL, and subframe. This front position 
is determined by a hash function. The number of available 
CCES can vary in accordance with a system bandwidth, an 
antenna configuration, a CFI, or Ng. 

Described next is the influence of inter-cell interference on 
the physical channels. In a system in which subframe trans 
mission timing is synchronized among cells, inter-cell inter 
ference may occur between control channels and between 
shared channels. In order to reduce such inter-cell interfer 
ence, LTE provides an inter-cell coordination control tech 
nology for the shared channels. The inter-cell coordination 
control technology is, for example, a technology called Coor 
dinated Multiple Point (CoMP) that is under study in LTE 
Advanced (Release-11) and a technology called Inter-Cell 
Interference Coordination technology (ICIC) in LTE (Re 
lease-8). In these inter-cell interference coordination tech 
nologies such as CoMP and ICIC, a plurality of base stations 
are coordinated with each other to transmit a data signal using 
a shared channel to a mobile station. 

For example, CoMP transmits a shared channel PDSCH 
having the same signal component from a pico base station 
and a macro bases station to a specific pico mobile station. In 
other words, a signal from an adjacent macrocell is received 
as a desired signal by the pico mobile station, thereby reduc 
ing inter-cell interference. 

For example, for the shared channel PDSCH, ICIC allo 
cates a specific RB to the shared channel of a mobile station 
at a cell boundary in the pico base station. The macro base 
station does not transmit the shared channel with the RB or 
transmits the shared channel with low transmission power, 
thereby reducing inter-cell interference. 
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6 
However, it is difficult to adopt the inter-cell interference 

coordination control technologies such as CoMP and ICIC 
for control channels such as the PDCCH. This is because, for 
control channels, the condition of the number of modulation 
symbols or the cell ID differs between adjacent cells as 
already described with reference to Formula 1, and thus the 
rule of sorting in the interleaving processing differs. Thus, for 
control channels, the mapping positions of the PDCCH are 
not the same between the adjacent cells, and are scattered 
across the entire system bandwidth. As a result, it is difficult 
to adopt the inter-cell interference coordination technologies 
Such as CoMP and ICIC. 

Meanwhile, in LTE, in order to solve the recent shortage of 
the capacity of the control channel, a concept of a Frequency 
Division Multiplexing (FDM) approach is developed that 
enhances the control channel to a predetermined region Such 
as the shared channel region. FIG. 5 is a diagram illustrating 
an example of an E-PDCCH by the FDM approach. For 
example, as illustrated in FIG. 5 the FDM approach fre 
quency-multiplexes the PDCCH as one of the control chan 
nels to an RB of the PDSCH as the shared channel, thereby 
enhancing the PDCCH. The enhanced PDCCH is called 
E-PDCCH below. 

Described next is a problem with the E-PDCCH. Also in 
the E-PDCCH as the control channel enhanced to a predeter 
mined region Such as the shared channel, it is desirable to 
adopt the inter-cell coordination control such as CoMP and 
ICIC as is the case with the PDSCH as the shared channel in 
view of reducing inter-cell interference. However, in the 
E-PDCCH, as is the case with the conventional PDCCH, the 
mapping positions of the E-PDCCH are not the same between 
adjacent cells and are arranged in a scattered manner across 
the entire of an allocated bandwidth, making it difficult to 
adopt the inter-cell coordination control such as CoMP and 
ICIC. As a result, control signals using the E-PDCCH may 
interfere with each other between cells. 

In view of the above circumstances, using the wireless 
communication system according to the present embodiment, 
a transmission method for the E-PDCCH thereby solves the 
above-described problem. 

First Embodiment 
Described first is a wireless communication method in a 

wireless communication system according to a first embodi 
ment. FIG. 6 is a diagram used for describing the wireless 
communication method in the wireless communication sys 
tem according to the first embodiment. The wireless commu 
nication system according to the present embodiment is con 
figured as a heterogeneous network in which the macrocell 
and the picocells are arranged in a coexisting manner as 
illustrated in FIG. 1. The wireless communication system 
according to the present embodiment can exchange informa 
tion needed for performing the inter-cell coordination control 
such as CoMP and ICIC. The range of cells within which 
inter-cell coordination control can be performed is called a 
coordinated area below. A coordinated area ID is defined that 
is a common identifier between the macro base station and the 
pico base station that belong to the coordinated area. This 
coordinated area ID is an example of the common identifier. 

FIG. 6 illustrates, in two cells (a cell 1 and a cell 2) within 
a coordinated area, a situation in which CCEs are allocated to 
E-PDCCHs for respective mobile stations (UE: user equip 
ment) and a situation in which the respective CCEs are 
mapped to time and frequency resources. It is assumed that, 
for example, the cell 1 is a picocell, and the cell 2 is a 
macrocell. 
Two types of areas, namely, an E-Control region Type1 and 

an E-Control region Type2 are provided as time and fre 
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quency resources for the E-PDCCH. Among these, the 
E-Control region. Type1 is a resource for use in inter-cell 
coordination control and is provided in units of a predeter 
mined number of RBs. In the example of FIG. 6, two E-Con 
trol regions Type1 that are made up of respective two RB units 
are provided. These two E-Control regions Type1 are pro 
vided at positions common to the cells within the coordinated 
aca. 

The E-Control region Type2 is a resource that is not used 
for inter-cell coordination control. The E-Control region 
Type2 is for example, provided in units of the number of RBs 
that differs by cell in accordance with the number of mobile 
stations or the like. The E-Control region Type1 and the 
E-Control region Type2 have REGs as components as is the 
case with the Release 8 Control region. Described below are 
specific arrangement examples of these E-Control regions. 
CCEs for inter-cell coordination control and CCEs for 

non-coordination control are provided as CCEs for the E-PD 
CCH. As is the case with Release 8 PDCCH, one CCE cor 
responds to nine REGs. 

First in a mobile station connected to the pico base station, 
a situation is assumed in which a desired signal from the pico 
base station receives an interference signal from the macro 
base station. In this situation, the pico base station and the 
macro base station allocate common, CCEs within the CCES 
for inter-cell coordination control to the mobile station con 
nected to the pico base station in the respective cells within 
the coordinated area. In the example of FIG. 6, the pico base 
station and the macro base station allocate the common CCES 
within the CCEs for inter-cell coordination control to a 
mobile station UE1, a mobile station UE2, and a mobile 
station UE3 in the cell 1 and the cell 2 within the coordinated 
aca. 

A situation is assumed in which a desired signal from the 
pico base station is not receiving any interference signal from 
the macro base station. In this situation, the pico base station 
and the macro base station allocate the CCEs for non-coor 
dination control to the mobile station in a serving cell of the 
mobile station. In the example of FIG. 6, the pico base station 
allocates the CCEs for non-coordination control to a mobile 
station UE4 in the cell 1 as the serving cell of the mobile 
station UE4, and the macro base station allocates the CCES 
for non-coordination control to a mobile station UE5 in the 
cell 2 as the serving cell of the mobile station UE5. 

Next, the resources for E-PDCCH of the respective CCEs 
are QPSK modulated, then subjected to interleaving process 
ing in units of four modulation symbols, and mapped to the 
respective REGs of the E-Control regions. Specifically, when 
the CCEs are the CCEs for non-coordination control, the pico 
base station and the macro base station block-interleave the 
QPSK-modulated E-PDCCH in units of four modulation 
symbols and perform cyclic shift based on the cell ID in units 
of four modulation symbols. When the CCEs are the CCEs for 
inter-cell coordination control, the pico base station and the 
macro base station perform interleaving processing in units of 
the RB of the E-Control region Type 1. For example it is 
assumed that one E-Control region Type 1 includes 22 REGs. 
In this case, the Pico base station and the macro base station 
cut 22 units of four modulation symbols out of the CCEs for 
inter-cell coordination control, perform block interleaving in 
units of four modulation symbols, and perform cyclic shift 
based on the coordinated area ID in units of four modulation 
symbols. 

Thus, for example, for the E-PDCCHs for the UE1, the 
UE2, and the UE3 in the diagram, CCEs common to the 
respective cells are allocated. Block interleaving is performed 
in units of processing common to the respective cells. Cyclic 
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8 
shift based on the coordinated area ID as the identifier com 
mon to the respective cells is performed. After that, the 
resources for E-PDCCH are mapped to the REGs within the 
E-Control region Type1 as the time and frequency resources 
common to the respective cells. Consequently, a control chan 
nel E-PDCCH having the same signal component can be 
transmitted from the pico base station and the macro base 
station to a specific mobile station. This can improve the 
reception characteristics of the E-PDCCH. 

For example, for the E-PDCCHs for the UE4 and the UE5 
in the diagram, CCES are allocated in the serving cell. 
Because the CCEs are commonly used between the cells, 
E-PDCCHs for a larger number of mobile stations are accom 
modated. 

Described here are specific arrangement examples of the 
E-control region. FIG. 7 is a diagram illustrating an arrange 
ment example (Part 1) of the E-Control region in the first 
embodiment. FIG. 8 is a diagram illustrating an arrangement 
example (Part 2) of the E-Control region in the first embodi 
ment. FIG. 7 illustrates a situation in which the number of 
transmission antennas is four, and three OFDM symbols are 
used as the Release 8 Control region. FIG. 8 illustrates a 
situation in which the number of transmission antennas is 
two, and two OFDM symbols are used as the Release 8 
Control region. 
As illustrated in FIG.7 and FIG. 6, for Cell-specific RS, the 

number of REs used differs inaccordance with the number of 
transmission antennas, and the mapping position shifts in the 
frequency domain in accordance with the cell ID. For Chan 
nel State Information (CSI)-RS as a reference signal for chan 
nel quality measurement, RES used are limited to a part of the 
RES drawn in the diagram, and patterns of a transmission 
period and the like are set by a higher layer. As a result, there 
are REGs whose mapping positions are independent of the 
cell among RES that are not used by the other physical chan 
nels. The REGs whose mapping positions are independent of 
the cell are used as the E-Control region Type1 and the 
E-Control region Type2. There are also REGs whose map 
ping positions are dependent on the cell among REs that are 
not used by the other physical channels. The REGs whose 
mapping positions are dependent on the cell are used as the 
E-Control region Type2. 
The configuration of the E-Control region may adopt a 

predetermined configuration set in advance within the wire 
less communication system. The configuration of the E-Con 
trol region may be a configuration Switched by the base sta 
tions within the wireless communication system as needed. 
When the base stations within the wireless communication 
system Switch the configuration of the E-Control region, the 
base station reports E-Control region configuration informa 
tion indicating the configuration of the E-Control region to a 
mobile station. The E-Control region configuration informa 
tion includes, for example, information on the position of RBs 
used as the E-Control region and information on the unit 
bandwidth (e.g., a unit bandwidth of two RBs) of the E-Con 
trol region Type1. Further included is information indicating 
whether REGs whose mapping positions are independent of 
the cell among REGs for the E-PDCCH are used as the 
E-Control region Type1. 

Described next is the configuration of the wireless com 
munication system according to the present embodiment. 
FIG. 9 is a diagram illustrating the configuration of the wire 
less communication system according to the first embodi 
ment. As illustrated in FIG. 9, this wireless communication 
system 1 includes a pico base station 100 and a macro base 
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station 200. It is assumed that the pico base station 100 and the 
macro base station 200 are base stations that belong to a 
coordinated area. 
The pico base station 100 includes a controller 100a and a 

communication unit 100b. The controller 100a includes a 
CoMP-applicable UE determining unit 101, a scheduler 102, 
and a data signal generator 103. The controller 100a also 
includes a control signal generator 104, a reference signal 
generator 105, a physical channel multiplexer 106, an uplink 
control signal demodulator 108, an inverses fast Fourier 
transform (IFFT) unit 109. The communication unit 100b 
includes a radio frequency (RF) reception unit 107 and an RF 
transmission unit 110. These components are connected so 
that signals and data can be input and output unidirectionally 
orbidirectionally. Physically, the controller 100a is made no 
of a digital circuit, a digital signal processor (DSP), a central 
processing unit (CPU), and the like, and the communication 
unit 100b is made up of an analog circuit including amplifiers 
and filters and the like. 
The CoMP-applicable UE determining unit 101 deter 

mines, based on information on the received power (reference 
signal received power (RSRP)) of the respective cells 
reported from the respective mobile stations, whether the 
mobile station is a CoMP-applicable UE and determines a 
coordination cell. The coordination cell is a cell on which 
CoMP as one piece of the inter-cell coordination control can 
be performed. The CoMP-applicable UE determining unit 
101 reports to the scheduler 102 the information indicating 
whether the mobile station is a CoMP-applicable UE and the 
information on the coordination cell as CoMP-applicable UE 
information. 
The scheduler 102 performs user scheduling based on the 

CoMP-applicable UE information and channel quality indi 
cators (CQIs) reported from the respective mobile stations. 
For example, the scheduler 102 allocates frequency resources 
to the shared channels for the respective mobile stations and 
allocates CCEs to the E-PDCCHs for the respective mobile 
stations based on the CoMP-applicable UE information and 
the CQIs reported from the respective mobile stations. In 
order to perform inter-cell coordinated user Scheduling, the 
scheduler 102 exchanges user data, control data, and Sched 
uling information on the CoMP-applicable UE with a sched 
uler 202 of the macro base station 200 that accommodates the 
coordination cell. This exchange is performed through a 
wired interface. 

The data signal generator 103 generates a data signal of the 
PDSCH or the like based on the user data, a search space 
switching instruction described below, the E-Control region 
configuration information, and the like. The control signal 
generator 104 generates a control signal of the E-PDCCH or 
the like based on control information made up of resource 
allocation information and the like. The reference signal gen 
erator 105 generates a reference signal. 
The physical channel multiplexer 106 frequency multi 

plexes the physical channels. For example, the physical chan 
nel multiplexer 106 block-interleaves the E-PDCCHs of the 
respective CCES among the physical channels in units of four 
modulation symbols and performs cyclic shift based on the 
coordinated area ID in units of four modulation symbols, 
thereby frequency-multiplexing the E-PDCCHs. 

The RF reception unit 107 performs conversion from a 
radio frequency to a baseband, orthogonal demodulation, and 
analog to digital (A/D) on an uplink reception signal. The RF 
reception unit 107 has an antenna A1 and receives an uplink 
signal. The uplink control signal demodulator 108 performs 
demodulation on an uplink control signal and restores the 
CQI as the control information and the RSRP of the respec 
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tive cells. The IFFT unit 109 performs inversed fast Fourier 
transform (IFFT) and adds a cyclic prefix (CP). The RF trans 
mission unit 110 performs D/A conversion and orthogonal 
modulation, performs conversion from a baseband into a 
radio frequency, and transmits a downlink signal with power 
amplified. The RF transmission unit 110 has an antenna A2 
and transmits a downlink signal. 

Similarly, the macro base station 200 includes a controller 
200a and a communication unit 200b. The controller 200a 
includes a CoMP-applicable UE determining unit 201, the 
scheduler 202, and a data signal generator 203. The controller 
200a also includes a control signal generator 204, a reference 
signal generator 205, a physical channel multiplexer 206, an 
uplink control signal demodulator 209, an inversed fast Fou 
rier transform (IFFT) unit 209. The communication unit 200b 
includes an RF reception unit 207 and an RF transmission unit 
210. These components are connected so that signals and data 
can be input and output unidirectionally or bidirectionally. 
Physically, the controller 200a is made up of a digital circuit, 
a digital signal processor (DSP), a central processing unit 
(CPU, and the like, and the communication unit 200b is made 
up of an analog circuit including amplifiers and filters and the 
like. 
The macro base station 200 has a similar configuration to 

the pico base station 100. Accordingly, similar components 
are given reference numerals with the same ends, and detailed 
description thereof is omitted. 

Described next is the configuration of a mobile station 10. 
FIG. 10 is a diagram illustrating the configuration of a mobile 
station according to the first embodiment. The mobile station 
10 includes a controller 10a and a communication unit 10b. 
The controller 10a includes an FFT unit 12, a data signal 
demodulator 13, a control signal demodulator 14, a channel 
estimating unit 15, a COI calculating unit 16, an RSRP mea 
Suring unit 17, and an uplink control signal generator 18. The 
communication unit 10b includes an RF reception unit 11 and 
an RF transmission unit 19. These components are connected 
so that signals and data can be input and output unidirection 
ally orbidirectionally. 
The RF reception unit 11 performs conversion from a radio 

frequency to a baseband, orthogonal demodulation, and A/D 
conversion on a downlink reception signal. The RF reception 
unit 11 receives a downlink signal by an antenna A5. The FFT 
unit 12, as is the case with the typical OFDM method, detects 
the cut-out timing of the reception signal, removes a CP, and 
then converts the detection result into a reception signal in the 
frequency domain by the fast Fourier transform (FFT). 
The data signal demodulator 13, based on the resource 

allocation information, demodulates a data signal extracted 
from the reception signal and restores data information. The 
data information includes, in addition to the user data, control 
information from the higher layer Such as the search space 
Switching instruction and the E-Control region configuration 
information. When having restored the search space switch 
ing instruction as the data information, the data signal 
demodulator 13 reports the restored search space (SS) switch 
ing instruction to the control signal demodulator 14. 
The control signal demodulator 14 demodulates the control 

signal of E-PDCCH extracted from the reception signal or the 
like and restores the resource allocation information as the 
control information. When the SS switching instruction has 
been reported from the data signal demodulator 13, the con 
trol signal demodulator 14 Switches the range to be searched 
for when decoding the E-PDCCH. 
The channel estimating unit 15 takes correlation between 

the reference signal extracted from the reception signal and a 
replica of a known reference signal to obtain a channel esti 
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mated value. This channel estimation is performed not only 
on a cell to which the mobile station 10 is connected, but also 
on its neighboring cells. The COI calculating unit 16 calcu 
lates the channel quality information (the above CQI) using 
the channel estimated value of the cell to which the mobile 
station 10 is connected. The RSRP measuring unit 17 mea 
sures the reception power (the above RSRP) of the reference 
signals of the respective cells using the channel estimated 
values of the cell to which the mobile station 10 is connected 
and the neighboring cells. The uplink control signal generator 
18 generates an uplink control signal based on control infor 
mation made up of the CQI and the RSRP of the respective 
cells. The RF transmission unit 19 performs digital to analog 
(D/A) conversion and orthogonal modulation, performs con 
version from a baseband into a radio frequency, and transmits 
an uplink signal with power amplified. The RF transmission 
unit 19 transmits an uplink signal from an antenna A6. Physi 
cally, the controller 10a is made up of a digital circuit, a DSP 
a CPU, and the like, and the communication unit 10b is made 
up of an analog circuit including amplifiers and filters and the 
like. 

Described next is operation. The present embodiment 
assumes a network environment in which a plurality of pico 
cells coexist in a macrocell as illustrated in FIG. 1. FIG. 11 is 
a diagram illustrating the operation of the wireless commu 
nication system 1 according to the first embodiment. The 
following assumes that the mobile station 10 is connected to 
the pico base station 100, and that the pico base station 100 
and the macro base station 200 that belong to a coordinated 
area hold a common coordinated area ID. The following may 
call a picocell to which the mobile station 10 is connected a 
serving cell. 
At S1, the pico base station 100 reports to the mobile 

station 10 the E-Control region configuration information. 
The mobile station 10 that has received the E-Control region 
configuration information specifies the arrangement of the 
E-control region Type1 and the E-control region Type2 to 
which CCEs are mapped. 

At S2, the pico base station 100 transmits the CSI-RS. At 
S3, the macro base station 200 transmits the CSI-RS. At S4, 
the mobile station 10 measures the reception power of the 
CSI-RS for the picocell to which it is connected audits neigh 
boring cells. The neighboring cells include the cells within 
the coordinated area. At S5, the mobile station 10 reports to 
the pico base station 100 the measurement result of the recep 
tion power as the RSRP. 

At S6, the pico base station 100 estimates the state of 
inter-cell interference in the mobile station 10 based on the 
RSRP of the respective cells reported from the mobile station 
10 and detects the CoMP-applicable UE and determines the 
coordination cell based on the estimation result. For example, 
when RSRP of the picocell to which the mobile station 10 is 
connected is “RSRP S and RSRP of the respective cells 
within the coordinated area including the macrocell is 
“RSRP I,” the difference C=IRSRP S-RSRP II represents 
the state of inter-cell interference in the mobile station 10. 
Given this situation, when there exists any cell whose C. is a 
predetermined threshold or less among the cells in the coor 
dinated area, the pico base station 100 detects the mobile 
station 10 connected to the picocell as the CoMP-applicable 
UE and determines the cell whose C. is the threshold or less as 
the coordination cell. It is assumed in the present embodiment 
that the pico base station 100 has determined the macrocell as 
the coordination cell. 

At S7, the pico base station 100 reports to the mobile 
station 10 the SS switching instruction that instructs the 
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12 
switching of the search space (SS) searched by the mobile 
station 10 when decoding the E-PDCCH. 

Described here is specific processing performed by the 
pico base station 100 at S7. As illustrated in FIG. 12 and FIG. 
13, the SS searched by the mobile station 10 when decoding 
E-PDCCH includes Enhanced (E)-SS Type1 as an SS defined 
on the CCEs for inter-cell coordination control and E-SS 
Type2 as an SS defined on the CCEs for non-coordination 
control. When the mobile station 10 is the CoMP-applicable 
UE, the pico base station 100 reports to the mobile station 10 
an SS switching instruction that instructs the switching of the 
current SS to the E-SS Type1 illustrated in FIG. 12. In con 
trast, when the mobile station 10 is not the CoMP-applicable 
UE, the pico base station 100 reports to the mobile station 10 
an SS switching instruction that instructs the switching of the 
current SS to the E-SS Type2 illustrated in FIG. 13. FIG. 12 is 
a diagram illustrating an example of the E-SS Type 1 in the 
first embodiment. FIG. 13 is a diagram illustrating an 
example of the E-SS Type2 in the first embodiment. 

Returning back to FIG. 11, at S8, the pico base station 100 
and the macro base station 200 perform user scheduling in 
coordination with each other. 

FIG. 14 is a diagram used for describing a user scheduling 
algorithm of the pico base station 100 and the macro base 
station 200 performed at S8 according to the first embodi 
ment. Because the pico base station 100 and the macro base 
station 200 perform the same userscheduling with respect to 
its processing contents, described here are the processing 
contents of the pico base station 100 as a representative. 

First, when the pico base station 100 selects UE to be 
scheduled (S31), it is determined whether the UE selected at 
S31 is the CoMP-applicable UE (S32). 
As a result of the determination at S32, if the UE selected 

at S31 is not the CoMP-applicable UE (No at S32), the pico 
base station 100 determines whether an RB for a data signal 
can be reserved (S33). As a result of the determination, if the 
RB can be reserved (Yes at S33), the pico base station 100 
selects an AL of the E-PDCCH(S34) and determines whether 
a CCE for the E-PDCCH can be reserved in the region of the 
E-SS Type2 of the serving cell (S35). As a result of the 
determination, if the CCE can be reserved (Yes at S35), the 
pico base station 100 reserves the RB for the data signal and 
the CCE for the E-PDCCH (S36). In this situation, the pico 
base station 100 reserves the RB for the data signal and the 
CCE for the E-PDCCH based on its own cell ID. After that, 
the pico base station 100 searches for another UE to be sched 
uled within the coordinated area (S37), and if there is no other 
UE (No at S37), ends the user scheduling processing. 
As a result of the determination at S32, if the UE selected 

at S31 is the CoMP-applicable UE (Yes at S32), the pico base 
station 100 determines whether the RB for the data signal can 
be reserved in the serving cell and the coordination cell (S38). 
As a result of the determination, if the RB for the data signal 
can be reserved (Yes at S38), the pico base station 100 selects 
an AL of the E-PDDCH (S39) and determines whether the 
CCE for the E-PDCCH can be reserved in the region of the 
E-SS Type1 of the serving cell and the coordination cell 
(S40). As a result of the determination, if the CCE can be 
reserved (Yes at S40), the pico base station 100 reserves the 
RB for the data signal and the CCE for the E-PDCCH (S36). 
In this situation, the pico base station 100, based on the 
coordinated area ID, reserves the RB for the data signal and 
the CCE for the E-PDCCH at a position common to the region 
of the E-SS Type 1 of the serving cell and the coordination 
cell. 

If it is determined that the RB is not reserved at S33 or S38 
(No at S33 or No at S38), the process returns back to S31, and 
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the processing at S31 and the Subsequent processing are per 
formed again. If it is determined that the CCE is not reserved 
at S35 or 340 (No at S35 or No at S40), similarly the process 
returns back to S31, and the processing at S31 and the sub 
sequent processing are performed again. 
A series of processing from S31 to S40 is performed 

repeatedly until no UE to be scheduled is present (Yes at S37), 
at ends when scheduling processing is completed for all UE. 

Returning back to FIG. 11, at S9, the pico base station 100 
transmits to the mobile station 10 as the CoMP-applicable UE 
the same E-PDCCH as the macro base station 200 using the 
CCE for the E-PDCCH at a position common to the region of 
the E-SS Type 1 of the serving cell and the coordination cell. 

At S10, the macro base station 200 transmits to the mobile 
station 10 as the CoMP-applicable UE the same E-PDCCH as 
the pico base station 100 using the CCE for the E-PDCCH at 
a position common to the region of the E-SS Type 1 of the 
serving cell and the coordination cell. The E-PDCCH trans 
mitted at S9 and the E-PDCCH transmitted at S10 are com 
bined on a wireless channel and reach the receiving antenna 
of the mobile station 10 with a signal to interference noise 
ratio (SINR) improved. This reduces interference on the 
E-PDCCH of the CoMP-applicable UE in the picocell from 
the macrocell. 

The pico base station 100 transmits to the mobile station 10 
not as the CoMP-applicable UEthe E-PDCCH using the CCE 
in the region of the E-SS Type2. 

At S11, the mobile station 10 performs the switching of the 
SS in accordance with the SS switching instruction reported 
from the pico base station 100 at S7 and searches the SS after 
switching to decode the E-PDCCH. Specifically, the mobile 
station 10 as the CoMP-applicable UE switches the current 
SS to the E-SS Type1 and searches the E-SS Type1 to decode 
the E-PDCCH. The mobile Station 10 not as the CoMP 
applicable UE switches the current SS to the E-SS Type2 and 
searches the E-SS Type2 to decode the E-PDCCH. The 
mobile station 10 acquires the resource allocation informa 
tion of the PDSCH from the decoded. E-PDCCH. 

At S12, the pico base station 100 transmits to the mobile 
station 10 as the CoMP-applicable UE the same PDSCH as 
the macro base station 200 using the allocated RB at the 
common position. 

At S13, the macro base station 200 transmits to the mobile 
station 10 as the CoMP-applicable UE the same PDSCH as 
the pico base station 100 using the allocated RB at the com 
mon position. The PDSCH transmitted at S12 and the 
PDSCH transmitted at S13 are combined on the wireless 
channel and reach the receiving antenna of the mobile station 
10 with the SINR improved. This reduces interference on the 
PDSCH of the CoMP-applicable UE in the picocell from the 
macrocell. 
The pico base station 100 transmits to the mobile station 10 

not as the CoMP-applicable UE the PDSCH using the allo 
cated RB. 
At S14, the mobile station 10 decodes the PDSCH mapped 

to the RB indicated by the resource allocation information 
acquired at S11 to obtain user data. 
As described above, the wireless communication system 1 

according to the first embodiment performs inter-cell coordi 
nation control that coordinates the pico base station 100 and 
the macro base station 200 with each other and transmits a 
signal to the mobile station 10 of the picocell. The wireless 
communication system 1 includes the pico base station 100, 
the macro base station 200, and the mobile station 10 of the 
picocell. The pico base station 100 includes a controller 100a 
and a communication unit 100b. The controller 100a inter 
leaves resources of the PDCCH of the picocell corresponding 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
to a predetermined resource unit based on the coordinated 
area ID that is an identifier common to the pico base station 
100 and the macro base station 200. The communication unit 
100b transmits a control signal to the mobile station 10 of the 
picocell using the first resource of the E-PDCCH of the pico 
cell that corresponds to at least a part of the predetermined 
resource unit and is to be decoded by the mobile station 10 of 
the picocell. The macro base station 200 includes a controller 
200a and a communication unit 200b. The controller 200a 
interleaves resources of the E-PDCCH of the macrocell cor 
responding to the predetermined resource unit based on the 
coordinated area ID. The communication unit 200b transmits 
a control signal to the mobile station 10 of the picocell using 
the second resource of the E-PDCCH of the macrocell that 
corresponds to at least a part of the predetermined resource 
unit and is to be decoded by the mobile station 10 of the 
picocell. The mobile station 10 of the picocell includes a 
communication unit 10b that receives the control signal trans 
mitted from the pico base station using the first resource and 
receives the control signal transmitted from the macro base 
station 200 using the second resource. The predetermined 
resource unit is one or more RBs. The first resource is a search 
space (SS) unique to the mobile station 10 of the picocell, 
which includes, for example, the E-SS Type1 as an SS defined 
on the CCEs for inter-cell coordination control and the E-SS 
Type2 as an SS defined on the CCEs for non-coordination 
control. This causes the wireless communication system 1 to 
reduce the inter-cell interference of the E-PDCCH. 

Second Embodiment 
Described in a second embodiment is an example of adopt 

ing the technology of ICIC to the wireless communication 
system in the first embodiment. Specifically, the scheduler 
102 of the pico base station 100 and the scheduler 202 of the 
macro base station 200 in the first embodiment reserve CCES 
for the E-PDCCH at a position common to the areas of the 
E-SS Type1 of the serving cell and the coordination cell. This 
allows the E-PDCCH having the same signal component to be 
transmitted from the pico base station and the macro base 
station using all resources of the CCE for inter-cell coordina 
tion control reserved as the CCE for the E-PDCCH and can 
reduce the inter-cell interference of the E-PDCCHS. On the 
other hand, however, because control information to be trans 
mitted is exchanged between the base stations, high speed 
control is needed. 
The wireless communication system according to the 

present embodiment performs inter-cell coordination control 
that reduces the inter-cell interference of the E-PDCCH using 
a relatively simple method. In order to achieve the inter-cell 
coordination control, one of the schedulers of the pico base 
station and the macro base station sets the partial region of the 
CCES for inter-cell coordination control to be zero or low 
transmission power, and the other scheduler transmits the 
E-PDCCH at the region. 

Described first is a wireless communication method in the 
wireless communication system according to the present 
embodiment. FIG. 15 is a diagram used for describing the 
wireless communication method using the wireless commu 
nication system according to the second embodiment. FIG. 
15 illustrates a situation in two cells (a cell 1 and a cell 2) 
within a coordinated area, in which CCEs are allocated to 
E-PDCCHs for respective UE and the respective CCEs are 
mapped to time and frequency resources. It is assumed that, 
for example, the cell 1 is a picocell, and the cell 2 is a 
macrocell. Described below are principal differences 
between the second embodiment and the first embodiment. 

First, the pico base station and the macro base station set 
the transmission power of at least a partial region of the CCES 



US 9,277.414 B2 
15 

for inter-cell coordination control to be zero or a value smaller 
than a current value. The region whose transmission power is 
thus set to be zero or the value smaller than the current value 
is called a “transmission free region' below. In the example of 
FIG. 15, the pico base station sets in the cell 1 four CCEs 
among the CCEs for inter-cell coordination control as the 
transmission free region, and the macro station sets in the cell 
2 eight CCEs among the CCEs for inter-cell coordination 
control as the transmission-free region. 
The pico base station and the macro base station exchange 

transmission-free region information indicating the transmis 
sion-free regions. In the example of FIG. 15, the pico base 
station reports to the macro base station information on the 
position, identification number, and the like of the four CCES 
set as the transmission-free region among the CCES for inter 
cell coordination control as transmission-free region infor 
mation. The macro base station reports to the pico base station 
information on the position, identification number, and the 
like of the eight CCEs set as the transmission-free region 
among the CCES for inter-cell coordination control as trans 
mission-free region information. 
When the transmission-free region of the macro base sta 

tion indicated by the transmission-free region information 
reported from the macro base station overlaps with the CCES 
for inter-cell coordination control, the pico base station allo 
cates the CCEs in the overlapping region to an E-PDCCH for 
a mobile station that is on the border with the macrocell as an 
adjacent cell. In the example of FIG. 15, the pico base station 
allocates the eight CCEs in the area in which the transmis 
Sion-free region of the macro base station overlaps with the 
CCES for inter-cell coordination control to the mobile sta 
tions UE1 and UE3 that are on the border with the cell 2. 
When the transmission-free region of the pico base station 

indicated by the transmission-free region information 
reported from the pico base station overlaps with the CCES 
for inter-cell coordination control, the macro base station 
allocates the CCEs in the overlapping region to an E-PDCCH 
for a mobile station that is on the border with the picocell as 
an adjacent cell. In the example of FIG. 15, the macro base 
station allocates the four CCEs in the area in which the trans 
mission-free region of the pico base station overlaps with the 
CCES for inter-cell coordination control to the mobile station 
UE2 that is on the border with the cell 1. 

This can reduce, for example, interference between the 
E-PDCCHs for the UE1, the UE2, and the UE3 and the 
adjacent cells in the diagram. 

Described next is the configuration of the wireless com 
munication system according to the present embodiment. 
FIG. 16 is a diagram illustrating the configuration of the 
wireless communication system according to the second 
embodiment. As illustrated in FIG. 16, this wireless commu 
nication system 2 includes apico base station 300 and a macro 
base station 400. The pico base station 300 includes a con 
troller 300a and a communication unit 300b. The controller 
300a includes an ICIC-applicable UE determining unit 301, a 
scheduler 302, and a data signal generator 303. The controller 
300a includes a control signal generator 304, a reference 
signal generator 305, a physical channel multiplexer 306, an 
uplink control signal demodulator 308, and an IFFT unit 309. 
The communication unit 300b includes an RF reception unit 
307 and an RF transmission unit 310. These components are 
connected so that signals and data can be input and output 
unidirectionally orbidirectionally. 

Similarly, the macro base station 400 includes a controller 
400a and a communication unit 400b. The controller 400a 
includes an ICIC-applicable UE determining unit 401, a 
scheduler 402, and a data signal generator 403. The controller 
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400a includes a control signal generator 404, a reference 
signal generator 405, a physical channel multiplexer 406, an 
uplink control signal demodulator 408, and an IFFT unit 409. 
The communication unit 400b includes an RF reception unit 
407 and an RF transmission unit 410. These components are 
connected so that signals and data can be input and output 
unidirectionally orbidirectionally. 
The wireless communication system 2 has a similar con 

figuration to the wireless communication system 1 in the first 
embodiment. Accordingly, similar components is given ref 
erence numerals with the same ends, and detailed description 
thereof is omitted. 

Specifically, the pico base station 300 and the macro base 
station 400 in the second embodiment are components corre 
sponding to the pico base station 100 and the macro base 
station 200 in the first embodiment, respectively. The control 
ler 300a and the communication unit 300b of the pico base 
station 300 correspond to the controller 100a and the com 
munication unit 100b of the pico base station 100, respec 
tively. Similarly, the controller 400a and the communication 
unit 400b of the macro base station 400 correspond to the 
controller 200a and the communication unit 200b of the 
macro base station 200, respectively. 
The ICIC-applicable UE determining unit 301, the sched 

uler 302, and the data signal generator 303 of the pico base 
station 300 correspond to the CoMP-applicable UE determin 
ing unit 101, the scheduler 102, and the data signal generator 
103 of the pico base station 100, respectively. The control 
signal generator 304, the reference signal generator 305, and 
the physical channel multiplexer 306 correspond to the con 
trol signal generator 104, the reference signal generator 105, 
and the physical channel multiplexer 106, respectively. The 
uplink control signal demodulator 308 and the IFFT unit 309 
correspond to the uplink control signal demodulator 108 and 
the IFFT unit 109, respectively. The RF reception unit 307 
and the RF transmission unit 310 correspond to the RF recep 
tion unit 107 and the RF transmission unit 110, respectively. 
The macro base station 400 has a similar configuration to 

the pico base station 300. Accordingly, similar components 
are given reference numerals with the same ends, and detailed 
description thereof is omitted. The configuration of a mobile 
station is similar to that of the first embodiment, and the 
description thereof is omitted. 

Described below are principal differences between the sec 
ond embodiment and the first embodiment. The ICIC-appli 
cable UE determining unit 301 of the pico base station 300 
determines, based on information on the RSRP of respective 
cells reported from respective mobile stations, whether the 
mobile station is an ICIC-applicable UE and determines a 
coordination cell. The coordination cell is a cell on which 
ICIC as the inter-cell coordination control can be performed. 
The ICIC-applicable UE determining unit 301 reports to the 
scheduler 302 the information indicating whether the mobile 
station is an ICIC-applicable UE and the information on the 
coordination cell as ICIC-applicable UE information. 
The scheduler 302 performs userscheduling based on the 

ICIC-applicable UE information and CQIs reported from the 
respective mobile stations. For example, the scheduler 302 
allocates frequency resources to the shared channels for the 
respective mobile stations and allocates CCEs to the E-PD 
CCHs for the respective mobile stations based on the ICIC 
applicable UE information and the CQIs reported from the 
respective mobile stations. In order to perform user schedul 
ing using the transmission-free region of the cells, the sched 
uler 302 exchanges the transmission-free region information 
of the PDSCH and the transmission-free region information 
of the S-PDCCH with the scheduler 402 of the macro base 
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station 400 that accommodates the coordination cell. This 
exchange is performed through a wired interface. 

Described next is operation. The present embodiment 
assumes a network environment in which a plurality of pico 
cells coexist in a macrocell as illustrated in FIG. 1. FIG. 17 is 
a diagram illustrating the operation of the wireless commu 
nication system 2 according to the second embodiment. The 
following assumes that the mobile station 10 is connected to 
the pico base station 300, and the pico base station 300 and the 
macro base station 400 that belong to a coordinated area hold 
a common coordinated area ID. The following may call a 
picocell to which the mobile station 10 is connected a serving 
cell. 
At S51, the pico base station 300 reports to the mobile 

station 10 the E-Control region configuration information. 
The mobile station 10 that has received the E-Control region 
configuration information specifies the arrangement of the 
E-control region Type1 and the E-control region Type2 to 
which CCEs are mapped. 

At S52, the pico base station 300 transmits the CSI-RS. At 
S53, the macro base station 400 transmits the CSI-RS. At S54, 
the mobile station 10 measures the reception power of the 
CSI-RS for the picocell to which it is connected and its 
neighboring cells. The neighboring cells include the cells 
within the coordinated area. At S55, the mobile station 10 
reports to the pico base station 300 the measurement result of 
the reception power as the RSRP. 

At S56, the pico base station 300 sets the transmission-free 
region of the PDSCH and the transmission-free region of the 
E-PDCCH and reports to the macro base station 400 the 
transmission-free region information of the PDSCH and the 
transmission-free region information of the E-PDCCH. At 
S57, the macro base station 400 sets the transmission-free 
region of the PDSCH and the transmission-free region of the 
E-PDCCH and reports to the pico base station 300 the trans 
mission-free region information of the PDSCH and the trans 
mission-free region information of the E-PDCCH. 

At S58, the pico base station 300 estimates the state of 
inter-cell interference in the mobile station 10 based on the 
RSRP of the respective cells reported from the mobile station 
10, and based on the estimation result, detects ICIC-appli 
cable UE, and determines a coordination cell. Specifically, 
when there is any cell whose C, which indicates the state of 
inter-cell interference in the mobile station 10, is a predeter 
mined threshold or less among the cells within the coordi 
nated area, the pico base station 300 detects the mobile station 
10 connected to the picocell as the ICIC-applicable UE. The 
pico base station 300 determines a cell with the highest RSRP 
among the cell whose C. is a predetermined threshold or less 
as a coordination cell. In the present embodiment, it is 
assumed that the pico base station 300 has determined the 
macrocell as the coordination cell. 
At S59, the pico base station 300 reports to the mobile 

station 10 the SS switching instruction that instructs the 
switching of the SS to be searched by the mobile station 10 
when decoding the E-PDCCH. Specifically, when the mobile 
station 10 is the ICIC-applicable UE, the pico base station 300 
reports to the mobile station 10 an SS switching instruction 
that instructs the switching of the current SS to the E-SS 
Type1 illustrated in FIG. 12. In contrast, when the mobile 
station 10 is not the ICIC-applicable UE, the pico base station 
300 reports to the mobile station 10 an SS switching instruc 
tion that instructs the switching of the current SS to the E-SS 
Type2 illustrated in FIG. 13. 
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At S60, the pico base station 300 and the macro base station 

400 perform user scheduling based on the transmission-free 
region indicated by the transmission-free region information 
exchanged at S56 and S57. 

FIG. 18 is a diagram used for describing a user scheduling 
algorithm performed by the pico base station 300 and the 
macro base station 400 at S60 according to the second 
embodiment. Because the pico base station 300 and the macro 
base station 400 perform the same user scheduling with 
respect to its processing contents, described here are the 
processing contents of the pico base station 300 as a repre 
sentative. Because FIG. 18 is similar to FIG. 14 except that 
FIG. 18 includes Steps S72, S78, and S80 in place of Steps 
S32, S38, and S40 in FIG. 14, a detailed description of FIG. 
18 is omitted. Steps S71, S73 to S77, and S79 in FIG. 18 
correspond to Steps S31, S33 to S37, and S39 in FIG. 14, 
respectively. 

First, when the pico base station 300 selects UE to be 
scheduled (S71), it is determined whether the UE selected at 
S71 is the ICIC-applicable UE (S72). As a result of the deter 
mination at S72, if the UE selected at S71 is not the ICIC 
applicable UE (No at S72), the pico base station 300 advances 
to the processing at S73 and the Subsequent processing. 

If the UE selected at S71 is the ICIC-applicable UE(Yes at 
S72), the pico base station 300 determines whetheran RB for 
a data signal can be reserved in a region in which the trans 
mission-free region of the coordination cell and the RB of the 
serving cell overlap with each other (S78). As a result of the 
determination, if the RB can be reserved (Yes at S78), the pico 
base station 300 advances to the processing at S79. After the 
processing at S79, the pico base station 300 determines 
whether a CCE for the E-PDCCH can be reserved in a region 
in which the transmission-free region of the coordination cell 
and the E-SS Type 1 of the serving cell overlap with each other 
(S80). As a result of the determination, if the CCE can be 
reserved (Yes at S80), the pico base station 300 advances to 
the processing S76 and the Subsequent processing. 

If it is determined that the RB is not reserved at S78 (No at 
S78), or if it is determined that the CCEs are not reserved (No 
at S80), the process returns back to S71, and the processing at 
S71 and the Subsequent processing are performed again. 

Returning back to FIG. 17, at S61, the pico base station 300 
transmits the E-PDCCH to the mobile Station 10 as the ICIC 
applicable UEusing the CCE for the E-PDCCH in which the 
transmission-free region of the coordination cell and the E-SS 
Type 1 of the serving cell overlap with each other. Because of 
no interference by a signal from the coordination cell, the 
E-PDCCH transmitted from the pico base station 300 at S61 
reaches the receiving antenna of the mobile station 10 with an 
SINR improved. This reduces interference on the E-PDCCH 
of the ICIC-applicable UE in the picocell from the macrocell. 
The pico base station 300 transmits the E-PDCCH using 

the CCE in the region of E-SS. Type2 to the mobile station 10 
not as the ICIC-applicable UE. 
At S62, the mobile station 10 performs the switching of the 

SS in accordance with the SS switching instruction reported 
from the pico base station 300 at S59 and searches the SS after 
switching to decode the E-PDCCH. Specifically, the mobile 
station 10 as the ICIC-applicable UE switches the current SS 
to the E-SS Type1 and searches the E-SS Type1 to decode the 
E-PDCCH. The mobile station 10 not as the ICIC-applicable 
UE switches the current SS to the E-SS Type2 and searches 
the E-SS Type2 to decode the E-PDCCH. The mobile station 
10 acquires the resource allocation information of the 
PDSCH from the decoded. E-PDCCH. 
At S63, the pico base station 300 transmits to the mobile 

station 10 as the ICIC-applicable UE the PDSCH using the 
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RB of the serving cell overlapping with the transmission-free 
region of the coordination cell. Because of no interference by 
a signal from the coordination cell, the PDSCH transmitted 
from the pico base station 300 at S63 reaches the receiving 
antenna of the mobile station 10 with an SINR improved. This 
reduces interference on the PDSCH of the ICIC-applicable 
UE in the picocell from the macrocell. 
The pico base station 300 transmits to the mobile station 10 

not as the ICIC-applicable UE the PDSCH using the allocated 
RB. 
At S64, the mobile station 10 decodes the PDSCH mapped 

to the RB indicated by the resource allocation information 
acquired at S62 to obtain user data. 
As described above, in the wireless communication system 

2 according to the second embodiment, the controller 400a of 
the macro base station 400 sets at least a partial region of the 
CCES for inter-cell coordination control as the transmission 
free region and exchanges the transmission-free region infor 
mation indicating the transmission-free region with the pico 
base station 300. Assume a case in which the transmission 
free region in the macro base station 400 indicated by the 
transmission-free region information reported from the 
macro base station 400 overlaps with the CCEs for inter-cell 
coordination control. In this case, the communication unit 
300b of the pico base station 300 transmits a control signal to 
the mobile station 10 of the picocell that is on the border with 
the macrocell as an adjacent cell using the CCE within the 
overlapping region. This reduces interference between the 
E-PDCCH and the adjacent cell by the relatively simple 
method. 

Described in the first embodiment and the second embodi 
ment is a case in which the E-Control region Type 1 for use in 
inter-cell coordination control is provided at a time and fre 
quency position common to the two cells within the coordi 
nated area. However, the E-Control region Type1 may be 
provided at a time and frequency position common to at least 
two cells among all cells within a coordinated area. Described 
below is another configuration example of the E-Control 
region Type1. 

FIG. 19 is a diagram used for describing another configu 
ration example of the E-Control region Type 1. As illustrated 
in FIG. 19, for example, the E-Control region Type1 is pro 
vided at positions of an RB0 and an RB1 common to two 
cells, namely the cell 1 and the cell 3, among all the three cells 
1 to 3 within the coordinated area. For example, the E-Control 
region Type1 is provided at positions of an RB2 and an RB3 
common to two cells, namely the cell 2 and the cell 3, among 
all the three cells 1 to 3 within the coordinated area. For 
example, the E-Control region Type1 is provided at positions 
of an RB4 and an RB5 common to two cells, namely the cell 
1 and the cell 2, among all the three cells 1 to 3 within the 
coordinated area. In other words, the E-Control region Type1 
may be provided at a time and frequency position common to 
at least two cells among all cells within the coordinated area. 
Assume a case in Which the E-Control region Type1 is 

provided at a time and frequency position common to at least 
two cells among all cells within the coordinated area. In this 
case, the pico base station and the macro base station transmit 
the E-PDCCH in the E-Control region. Type1 provided at the 
time and frequency position common to at least two cells. 
A description is given using the example illustrated in FIG. 

19. The pico base station and the macro base station transmit 
the E-PDCCH for UE to which CoMP or ICIC is adopted 
between the cell 1 and cell 3 in the E-Control region Type 1 
provided at the positions of the RB0 and the RB1 common to 
the cell 1 and the cell 3. The pico base station and the macro 
base Station transmit the E-PDCCH for UE to which CoMP or 
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ICIC is adopted between the cell 2 and cell 3 in the E-Control 
region Type1 provided at the positions of the RB2 and the 
RB3 common to the cell 2 and the cell3. The pico base station 
and the macro base station transmit the E-PDCCH for UE to 
which CoMP or ICIC is adopted between the cell 1 and cell 2 
in the E-Control region Type1 provided at the positions of the 
RB4 and the RB5 common to the cell 1 and the cell 2. The 
correspondence between the position of the CCEs for inter 
cell coordination control and the position of the time and 
frequency resources to which the CCES are mapped is com 
mon in the E-Control region Type 1 of all cells within the 
coordinated area. As a result, when base stations of different 
cells transmit the same E-PDCCH on the CCEs for inter-cell 
coordination control, the technology of CoMP can be adopted 
to the base stations of the different cells. When base stations 
of different cell transmit the E-PDCCH so as to be orthogonal 
on the CCES for inter-cell coordination control, the technol 
ogy of ICIC can be adopted to the base stations of the different 
cells. 
The base stations of the different cells can thereby mini 

mize the resource amount of the E-Control region Type1 for 
use in inter-cell coordination control. As a result, the base 
stations of the different cells can increase the ratio of a 
resource amount for the PDSCH or a resource amount of the 
E-Control region Type2 available among cells. In other 
words, limited wireless resources can be utilized efficiently. 
The first embodiment and the second embodiment expand 

the control channel to the shared channel region. However, 
the embodiments can be adopted to cases in which the control 
channel is expanded to predetermined regions of the respec 
tive cells such as a case in which the control channel is 
expanded to an excess region resulting from a change in the 
bandwidth of the control channel region or a case in which the 
control channel is expanded to an arbitrary region that can be 
set to be the same size among cells. 

In the first embodiment and the second embodiment, the 
wireless communication systems disclosed in the present 
application reduce interference between the macrocell and 
picocell. However, the wireless communication systems 1, 2 
can be adopted, without being limited thereto, as technologies 
that reduce interference between a macrocell and a femto cell, 
interference between a picocell and a femto cell, and inter 
ference between picocells. 
An embodiment of the wireless communication system 

disclosed in the present application produces the effect of 
reducing the inter-cell interference of control channels 
enhanced to a shared channel region or the like. 

All examples and conditional language provided hereinare 
intended for the pedagogical purposes of aiding the reader in 
understanding the invention and the concepts contributed by 
the inventors to further the art, and are not to be construed as 
limitations to such specifically recited examples and condi 
tions, nor does the organization of Such examples in the 
specification relate to a showing of the Superiority and infe 
riority of the invention. Although one or more embodiments 
of the present invention have been described in detail, it 
should be understood that the various changes, Substitutions, 
and alterations could be made hereto without departing from 
the spirit and scope of the invention. 

What is claimed is: 
1. A wireless communication system that performs inter 

cell coordination control that coordinates a base station of a 
first cell and a base station of a second cell with each otherand 
transmits a signal to a mobile station of the first cell, the 
wireless communication system comprising: 

the base station of the first cell including: 
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a first processor that performs a process including first 
interleaving resources of a control channel of the first 
cell enhanced to a predetermined region of the first 
cell corresponding to a predetermined resource unit 
based on a common identifier that is an identifier 
common to the base station of the first cell and the 
base station of the second cell; and 

a first transmitter that transmits a control signal to the 
mobile station of the first cell using a first resource of 
the control channel of the first cell that corresponds to 
at least a part of the predetermined resource unit and 
is to be decoded by the mobile station of the first cell; 

the base station of the second cell including: 
a second processor that performs a process including 

second interleaving resources of a control channel of 
the second cellenhanced to a predetermined region of 
the second cell corresponding to the predetermined 
resource unit based on the common identifier; and 

a second transmitter that transmits a control signal to the 
mobile station of the first cell using a second resource 
of the control channel of the second cell that corre 
sponds to at least apart of the predetermined resource 
unit and is to be decoded by the mobile station of the 
first cell; and 

the mobile station of the first cell including: 
a receiver that receives the control signal transmitted 

from the base station of the first cell using the first 
resource and receives the control signal transmitted 
from the base station of the second cell using the 
second resource, wherein 

the first interleaving includes block-interleaving the 
resources of the control channel of the first cell in units 
of a predetermined number of modulation symbols and 
performing cyclic shift on the block-interleaved 
resources of the control channel of the first cell in units 
of the predetermined number of modulation symbols 
using the common identifier, and 

the second interleaving includes block-interleaving the 
resources of the control channel of the second cell in 
units of the predetermined number of modulation sym 
bols and performing cyclic shift on the block-interleaved 
resources of the control channel of the second cell in 
units of the predetermined number of modulation sym 
bols using the common identifier. 

2. The wireless communication system according to claim 
1, wherein 

the predetermined region of the first cell is a shared channel 
region of the first cell, and 

the predetermined region of the second cell is a shared 
channel region of the second cell. 

3. The wireless communication system according to claim 
1, wherein 

the first interleaving includes interleaving resources of the 
control channel of the first cell corresponding to a 
resource unit different from the predetermined resource 
unit based on an identifier unique to the base station of 
the first cell, 

the first transmitter transmits a control signal to a mobile 
station that is not to be subjected to the inter-cell coor 
dination control using the resources of the control chan 
nel of the first cell corresponding to the resource unit 
different from the predetermined resource unit, 

the second interleaving includes interleaving resources of 
the control channel of the second cell corresponding to a 
resource unit different from the predetermined resource 
unit based on an identifier unique to the base station of 
the second cell, and 
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22 
the second transmits a control signal to the mobile station 

that is not to be subjected to the inter-cell coordination 
control using the resources of the control channel of the 
second cell corresponding to the resource unit different 
from the predetermined resource unit. 

4. The wireless communication system according to claim 
1, wherein 

the predetermined resource unit is one or more resource 
blocks (RBs), 

the first resource is a resource on a search space unique to 
the mobile station of the first cell that is referred to when 
the mobile station of the first cell decodes the control 
signal transmitted from the base station of the first cell, 
and 

the search space includes a first search space that is set for 
a mobile station of the first cell that is subjected to the 
inter-cell coordination control and a second search space 
that is set for a mobile station of the first cell that is not 
subjected to the inter-cell coordination control. 

5. The wireless communication system according to claim 
4, wherein the first processor further performs a process 
including detecting whether the mobile station of the first cell 
is subjected to the inter-cell coordination control and report 
ing to the mobile station of the first cella search space Switch 
ing instruction that instructs to switch between the first search 
space and the second search space in accordance with the 
detection result. 

6. The wireless communication system according to claim 
1, wherein the first processor further performs a process 
including reporting to the mobile station of the first cell at 
least information on a position of a resource to which the 
predetermined resource unit is mapped and information on a 
unit bandwidth of the resource to which the predetermined 
resource unit is mapped as configuration information needed 
for determination of the resource to which the predetermined 
resource unit is mapped. 

7. The wireless communication system according to claim 
1, wherein the first transmitter and the second transmitter 
transmit a same control signal using a same resource included 
in the predetermined resource unit. 

8. The wireless communication system according to claim 
1, wherein the second processor further performs a process 
including setting transmission power of at least a partial 
region of the predetermined resource unit to be zero or a value 
Smaller than a current value and exchanging region informa 
tion indicating the partial region whose transmission power is 
set to be zero or the value smaller than the current value with 
the base station of the first cell with which the inter-cell 
coordination control is performed. 

9. The wireless communication system according to claim 
8, wherein when the partial region whose transmission power 
is set to be zero or the value smaller than the current value in 
the base station of the second cell indicated by the region 
information reported from the base station of the second cell 
overlaps with the predetermined resource unit, the first trans 
mits the control signal to the mobile station of the first cell that 
is on a border with the second cell as an adjacent cell using a 
predetermined resource unit within the overlapping region. 

10. A base station of a first cell in a wireless communica 
tion system that performs inter-cell coordination control that 
coordinates a base station of a first cell and a base station of a 
second cell with each other and transmits a control signal to a 
mobile station of the first cell, the base station comprising: 

a first processor that performs a process including first 
interleaving resources of a control channel of the first 
cell enhanced to a predetermined region of the first cell 
corresponding to a predetermined resource unit based on 
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a common identifier that is an identifier common to the 
base station of the first cell and the base station of the 
second cell; and 

a first transmitter that transmits a control signal to the 
mobile station of the first cell using a first resource of the 
control channel of the first cell that corresponds to at 
least a part of the predetermined resource unit and is to 
be decoded by the mobile station of the first cell, wherein 

the base station of the second cell includes: 
a second processor that performs a process including 

second interleaving resources of a control channel of 
the second cell enhanced to a predetermined region of 
the second cell corresponding to the predetermined 
resource unit based on the common identifier; and 

a second transmitter that transmits a control signal to the 
mobile station of the first cell using a second resource 
of the control channel of the second cell that corre 
sponds to at least a part of the predetermined resource 
unit and is to be decoded by the mobile station of the 
first cell, 

the mobile station of the first cell includes: 
a receiver that receives the control signal transmitted 

from the base station of the first cell using the first 
resource and receives the control signal transmitted 
from the base station of the second cell using the 
second resource. 

the first interleaving includes block-interleaving the 
resources of the control channel of the first cell in units 
of a predetermined number of modulation symbols and 
performing cyclic shift on the block-interleaved 
resources of the control channel of the first cell in units 
of the predetermined number of modulation symbols 
using the common identifier, and 

the second interleaving includes block-interleaving the 
resources of the control channel of the second cell in 
units of the predetermined number of modulation sym 
bols and performing cyclic shift on the block-interleaved 
resources of the control channel of the second cell in 
units of the predetermined number of modulation sym 
bols using the common identifier. 

11. A mobile station of a first cell in a wireless communi 
cation system that performs inter-cell coordination control 
that coordinates a base station of a first cell and a base station 
of a second cell with each other and transmits a control signal 
to a mobile station of the first cell, the mobile station com 
prising: 

a receiver that receives a control signal transmitted from 
the base station of the first cell using a first resource of a 
control channel of the first cell that corresponds to at 
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least a part of a predetermined resource unit and is to be 
decoded by the mobile station of the first cell and 
receives a control signal transmitted from the base sta 
tion of the second cell using a second resource of a 
control channel of the second cell that corresponds to at 
least a part of the predetermined resource unit and is to 
be decoded by the mobile station of the first cell, wherein 

the base station of the first cell includes: 
a first processor that performs a process including first 

interleaving resources of the control channel of the 
first cell enhanced to a predetermined region of the 
first cell corresponding to the predetermined resource 
unit based on a common identifier that is an identifier 
common to the base station of the first cell and the 
base station of the second cell; and 

a first transmitter that transmits the control signal to the 
mobile station of the first cell using the first resource 
of the control channel of the first cell that corresponds 
to at least a part of the predetermined resource unit 
and is to be decoded by the mobile station of the first 
cell, 

the base station of the second cell includes: 
a second processor that performs a process including 

second interleaving resources of the control channel 
of the second cell enhanced to a predetermined region 
of the second cell corresponding to the predetermined 
resource unit based on the common identifier; and 

a second transmitter that transmits the control signal to 
the mobile station of the first cell using the second 
resource of the control channel of the second cell that 
corresponds to at least a part of the predetermined 
resource unit and is to be decoded by the mobile 
station of the first cell, 

the first interleaving includes block-interleaving the 
resources of the control channel of the first cell in units 
of a predetermined number of modulation symbols and 
performing cyclic shift on the block-interleaved 
resources of the control channel of the first cell in units 
of the predetermined number of modulation symbols 
using the common identifier, and 

the second interleaving includes block-interleaving the 
resources of the control channel of the second cell in 
units of the predetermined number of modulation sym 
bols and performing cyclic shift on the block-interleaved 
resources of the control channel of the second cell in 
units of the predetermined number of modulation sym 
bols using the common identifier. 


